Abstract: Quarry industry is among the many extractive industries implicated in the etiology
I. Introduction
Quarry is one of the many extractive industries playing important role in the economies of many countries including Nigeria, creating employment, sustaining livelihoods and providing national income. Many countries have taken to quarrying to diversify their economic bases, and in Africa, quarrying activities are intensified as a main resource.
Rock quarrying and stone crushing is a global phenomenon, and has been the cause of concern everywhere in the world, including the advanced countries. Quarrying activity is a necessity that provides much of the materials used in traditional hard flooring, such as granite, limestone, marble, sandstone, slate and even clay to make ceramic tiles. However, like many other anthropogenic factors, quarrying activity causes significant impact on the environment (Okafor, 2006; Omosanya and Ajibade, 2011) . In particular, it is often necessary to blast rocks with explosives in order to extract material for processing but this method of extraction gives rise to noise pollution, air pollution, damage to biodiversity and habitat destruction. Dust from quarry sites is a major source of air pollution, although the severity will depend on factors like the local microclimatic conditions, the concentration of dust particles in the ambient air, the size of the dust particles and their chemistry. For example, limestone quarries produce highly alkaline and reactive dusts, whereas coal mines produce acidic dust. The air pollution is not only a nuisance (in terms of deposition on surfaces) and possible effects on health, but dust can also have physical effects on the surrounding plants, such as blocking and damaging their internal structures and abrasion of leaves and cuticles, as well as chemical effects which may affect long-term survival (Guach, 2001) .
Quarrying products are increasingly demanded for industrial, domestic, agricultural and other purposes so as to satisfy the needs of the rapidly growing population. Quarrying operations generally involve removal of over burden, drilling, blasting and crushing of rock materials. The various impacts produced by these operations are both size and location dependent. Manifestations of specific impacts are on the air, water, soil, earth surface, floral and fauna, and human beings (Areola, 1991; Enger and Smith, 2002) . Apart from land degradation, other negative impacts of quarrying include swamp creation, deterioration of ground water, erosion of soil, noise and percussions from rock blasting, generation of dust, smoke and fumes; production of noxious gases and ground vibration. Suspended particulate matter is quite significant among all pollutants originating from quarrying operations (United State Environmental Protection Agency, USEPA, 2008).
Solid materials in the form of smoke, dust and also vapour generated during quarrying operations are usually suspended over a long period in the air. Moreover, particulate matters in the air are capable of being transported from the point of generation to areas far removed (United Nation Environmental Protection, UNEP, 1991). Once particles of varying chemical compositions are inhaled, they lodge in human lungs; thereby causing lung damages and respiratory problems (Last, 1998) . According to Deborah (1996) and National Industrial Sand Association (1997), dusts generated from granite quarrying contain 71 percent silica. Inhaling such dust results in silicosis which is capable of disabling an exposed person and subsequently, leads to death. Apart from silicosis, sandblasters, miners and quarry workers are also at the risk of suffering from pneumoconiosis (). Suspended particulate matter may be affecting more people globally than any other pollutant on a continuous basis (Richard, et al., 2002) . Going by epidemiological studies, a dose-response relationship between exposure to PM 10 and respiratory morbidity and mortality are established (Dockery and Pope, 1994; Pope, et al., 1995; Qamar, et al; . Even at relatively low concentration (not exceeding standard guideline of 150µg/m 3 for 24 hours), inhalable particulate matters (PM 10 ) have adverse effects on human health.
Indeed, an increase of 50mg/m 3 in particulate levels is shown to induce increase death rate from 2 to 8 percent in several countries (Bart, 1993) . Supporting this particulate level and health relationship, WHO (1994) indicated that daily mortality rates would increase by 20 percent with an increase of particulate level to 200mg/m 3 . A report by the Environmental Working Group in California showed that respiratory illnesses caused by particulate matter are responsible for more than 10,000 deaths and 16,000 hospital admissions. The health care cost of these illnesses was put at $132 million, in addition to millions of missed work days and school absences each year (Deborah, 1996; Douglas, 1996; USEPA, 1996) . The circumstances surrounding most developing countries, Nigeria inclusive, is more pathetic in view of the utter disregard of pollution limits by most industries, low knowledge of environmental laws, exploitation of the mining community inhabitants, intimidation of the multi-national quarrying companies on the host communities, and the general poor living standard which affect people's nutrition status. In most African countries, the risks faced by those who are occupationally exposed are poorly researched.
In Ebonyi State, the major source of internally generated revenue for most Local Governments is the quarry business. This has led to the rapid increase in quarry activities, quarry sites, and increased environmental pollution in its rural communities. Owing to the abundance of sedimentary rock in the state, over 130 small and medium scale quarrying industries are currently operating in the state, employing about 3000 or more workers. With the increased demand for ceramic and building materials as well as extensive use of granite in construction industries, quarry activities have intensified with tempo and zeal hitherto unknown among most rural 
Ethical and Environmental Consideration
The protocol for the study was reviewed by the Ethics Review Committee of the Ebonyi State Ministry of Health, Abakaliki. Peaceful community entry was achieved by seeking the permission of the quarry owners through an official application. Thereafter, the voluntary, first person Informed Consent of the workers involved in the study was obtained. The nurses and the physicians explained to each participant the study aim and objectives, methods, the nature of their involvement and the length of time of involvement, discomforts or risks, benefits, usefulness of the study, and plans for the use of the study findings. The informed consent form was read to the participants in the language of the workers (Igbo language).
Sample size
This study was carried out on 392 Quarry workers who were employed in small and medium scale quarry industries in Ebonyi State. The workers comprised largely of women between the ages of 16yrs and 60yrs plus fewer numbers of men between the ages of 20yrs and 60yrs. Few truck drivers who transport this crushed stone to various destinations were also included. The sampling size was calculated according to the formula for calculation of minimum sample size: η = z 2 pq (Akpala, 1994) d Thus, expected minimum sample size, η =126 A control population of 392 healthy people was selected, matched for age and sex, from the same area.
Study design
The study design was cross-sectional and assessed the health hazard confronting quarry workers in Ebonyi State with special attention to respiratory functions and lung diseases. Simple randomized sampling technique was adopted in selection of 49 sites among 130 quarry sites, within Ebonyi state. A total of 392 participants were selected from the quarry workers and the same number of participants was selected from nonquarry workers living within the same geographical location as control. The test population was grouped into 3 categories A, B, C according to the duration of exposure: (A) Less than 5 years exposure, (B) 5-10 years exposure, (C) More than 10 years exposure. Five types of assessment were carried out for the respective categories of workers: well structured questionnaire, clinical examination, and urinalysis were carried out for the three groups, while spirometry with peak flow meter was used to monitor FAV1 for categories A and B. Chest X-ray was only used for category C.
The questionnaire captured background variables (bio-data) and questions that were aimed at providing answers to the objective of the study. Clinical examination involved two physicians in the company of four nurses and two ward orderlies conducting a comprehensive clinical examination of each quarry worker, including chest auscultation. Spirometry with peak flow metre was used to measure FEV1 to assess pulmonary function. Urinalysis was carried out using combi-9 to determine presence of proteinuria and haematuria. Chest X-rays were read by a radiologist.
Data Analysis
The questionnaire was analyzed using Epi-info analysis software version 6. The result of the assessment including spirometry (i.e. FEV1) and urinalysis were matched to the number of years of exposure. The radiological examination was limited to category C because the induction period between initial silica 
III. Results
The results of the study are presented in tables 1-14. The demographic feature of the study is presented in tables 1to 4. The mean age of the quarry workers was 40.3 years, with the female workers predominating the working population in the ratio, 6.1. The working population was composed of 238 (60.7%) employees, and 154 (39.3%) of self-employed artisanal quarry operators. Among the quarry workers, majority, 300 (76.5%) had worked for a period less than 5 years, 68 (17.4%) had worked for 5-10 years, and 24 (6.1%) had worked for more than 10 years. Most of the workers, 234 (59.7%) were unskilled, and therefore engaged in collection of stones for the crushing machines, and loading of trucks. The population of the workers engaged in machine operation was, 18 (4.6% ) and those engaged in manual crushing was12 ( 3.1%.) The awareness of the workers on the need to use protective devices such as respirators, nose and mouth masks was zero. This is presented in table5. Quarry owners made no provision for such devices. Observation of basic hygiene was noted. Some workers, 54 (13.8%) bathed before leaving the worksite for home, changed into clean clothes, 162 (41.3%) before going home, washed their hands,338 (86.2%) before taking their meals and/or before snuffing or smoking. Only 2(0.5% ) of the workers received one form of training or the other. Hazard assessment presented in table 6 revealed that dust inhalation was predominant, 320 (81.6%) followed by physical injury, 224 (57.1%), and noise pollution, 220 (56.1%), while excessive heat was the least hazard, 24 (6.1%) among the workers.
Clinical examination of the workers presented in 1%) , loss of appetite, 10 (2.6%), eye, 4 itching (1.0%), prolonged or severe breathlessness on exertion, 2 (0.5%) and skin rashes, 2 (0.5%), among the quarry workers. Prolonged/severe breathlessness on exertion and skin rashes were the least of the clinical findings.
An assessment of the lung function of the quarry workers presented in tables 8 to 13 was carried out using spirometer to measure Forced Expiratory Volume within first 1 second (FEV1). The results of the test and control participants are shown in tables 8and9. A larger proportion, 15 (62.5%) of workers with more than 10 years exposure exhibited low FEV1 in the range of 201-300 ml. For the same range of FEV1 only, 111 (37%) of workers with less than 5 years exposure were found to exhibit pulmonary function as low as that. On the other hand, as much as, 144 (48%) of workers with less than 5 years exposure showed FEV1 of 301-400ml, while only, 20 (29.4%) of 5-10 years exposed workers were able to achieve FEV1 of that range. Thus, the number of years of exposure was inversely proportional to the FEV1 of the workers. Workers with more than 10 years exposure had FEV1 of not more than 300ml, due to degree of respiratory function impairment. The result of urinalysis presented in table 14 showed that 60 workers (15.3%) had a trace of protein in their urine, while 12 workers (3.1%) had haematuria (blood in the urine).The rest of the workers, 320 (81.6%), showed normal urinalysis value.
IV. Discussion
A cross-sectional study of 392 quarry workers in 49 quarry sites was carried out to assess occupationalhealth hazards among quarry workers in Ebonyi State using clinical history, physical examination, assessment of pulmonary function by spirometry (FEV1), urinalysis and chest x-ray. The mean age of the quarry workers under study was 40.3 years with 19.4% of the workers within the age range of 10-19 years. This has sociocultural implications realizing that this is the school age bracket. The majority (49%) of the workers were within age range of 40-59 years. The sex ratio of the study population was 6:1 (female, male) showing that the majority of the work forces were women. This brings to focus the problem of labour distribution among the genders in quarry industry. This might be due to the fact that women in our society often work in positions with lower pay, less power and frequently little control over their jobs or work functions. It is therefore important to integrate gender concerns in the policy measure of what may constitute an occupational safety for the workers. Quarry activities have documented evidence of immunologic, haematologic and hormonal alterations (Ghio et al., 2003) , which may have negative implications on reproductive physiology, as some of the wastes associated with quarrying have teratogenic, carcinogenic, and mutagenic properties (Alakija et al., 1990) .The job
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DOI: 10.9790/2402-1104011019 www.iosrjournals.org 14 | Page specification of the study population indicated that most of the workers were involved in the loading section. Thus, their jobs entailed manual collection of crushed stones away from crushing machine. This could explain why physical injury and general body pain were some of the most predominant symptoms among workers. The effect of load on the cranial anatomy and entire body kinetics depends on the weight and composition of the materials being carried, and the distance from the point of collection to the point of discharge. The observed numbness of the extremities could be attributed to this job-specific. Hazard evaluations and field studies carried out in USA showed that quartz concentration varied significantly by plant and job (Sanderson et al., 2000) . In this study it was observed that the groups of workers in loading section were exposed to very high concentration of granite dust, exacerbating the possibilities of particulate matter and dust inhalation with its attendant pulmonary diseases. Though the study was designed to do Chest X-ray on all 24 workers who had been exposed for more than 10 years, only 3 workers turned up for the x-ray. The result of these x-rays as reported by a radiologist was normal. Literature review of previous studies, showed that analysis of chest radiograph of exposed subjects using ILO international classification resulted in 15.8% abnormal films (Lee et al., 2001 ). According to Symanski et al, a serial chest x-ray of acceptable quality taking over a period of 5-10years is necessary (Symanski, 1981) . The emphasis of the study was therefore focused on the first four assessments. Assessment of hazard awareness among the workers showed the level of ignorance of the quarry workers and their employers on the health hazards associated with crude and unprotected quarry activities. Little protective measures were observed by the workers in line with other studies such as the case of Edo State of Nigeria by Isah et al (1997) . The clinical history of the study population yielded about 22 symptoms and signs that were listed and scored using frequency or percentage of workers reporting with each ailment. It was observed that the commonest symptoms were minor fatigue, occasional chest pain, fever and cough, which were indicative of various disease entities. This was not surprising since silica dust exposure is also associated with the following diseases (either alone or in association with silicosis): Silico-tuberculosis or tuberculosis ( . It has been reported that silicosis is the most common and most frequently seen tuberculosis-complicated pneumoconiosis (Probl Tuberk, 2001 ). Thus the second important illness associated with crystalline silica is pulmonary tuberculosis. Some studies in India reported that up to 50% of patients with silicosis have pulmonary tuberculosis (Jindal, 2001 ). In our study, chest-related symptoms, occasional and persistent coughs, weight loss and night sweats were significantly observed. These symptoms are also associated with pulmonary tuberculosis. In 1997, the International Agency for Research on Cancer (IARC) upgraded its evaluation of crystalline silica to a human carcinogen (Cocco, 2001 ). The risk of lung cancer is associated with the year of and age at first exposure to silica, duration of exposure and latency (Ulm, 1999) . Symptoms of silicosis include dyspnea (breathlessness), cough (Soutar et al.,, 2000) , weight loss, fatigue, night sweat and occasional fever (Laraqui et al., 2001) . A study done here in Nigeria (in a village near Kano) using unselected group of 126 stone cutters revealed radiologic evidence of silicosis in 38.8% which is unexpectedly high (Gupta et al., 1999) . The present study is in tandem with the above previous reports, indicating that the workers were exposed to pulmonary diseases.The mean FEVI of 306.9ml for the study population, as compared to 319.4 ml for control population marched for age also suggested the existence of respiratory anomalies of occupational origin. This was supported by student t-test used to test the significance of this difference (12.5ml) in the mean FEVI for the study group and the control population at 95% confidence level at P<0.05.FEVI for various years of exposure showed that workers with short duration of exposure had higher FEVI and that the FEV1 decreased with increased exposure period implicative of the time dependent effect of continuous exposure of quarry workers to occupational health hazards. Analysis of the FEVI for workers that used snuff or/and smoked tobacco showed a mean FEVI of 290.2ml. When compared with the mean FEV1 of the study population it showed that snuffing or smoking of tobacco also enhanced deterioration of lung function. This finding is similar to that of Gupta in India (Gupta et al., 1999) . A similar study to the present one, done by Institute for Risk Assessment Science, Environmental and Occupational Health group in Netherlands showed a significant association between exposures to concrete dust and lung function loss (Meijer et al., 2001 ). This loss appeared most severe in the presence of disease (Baimanova and Akhmetzhanova, 2001 ), even though, its presence was still independent of silicosis (Ng and Chan, 1992) . The highly exposed workers showed greater prevalence of chronic cough and phlegm and a mean reduction of 5% in FEVI . Past studies have shown that sand workers had FEVI that was significantly lower than that of healthy adults from the study area (Mathur et al., 1996) . This could be because cumulative exposure to respirable dust was the most important risk factor, (with or without disease) for manifestation of respiratory symptoms and impaired lung function (Ulvestad et al., 2001) .
On the contrary, in few studies on quarry employees, by other researchers, there was no association between respiratory symptoms or spirometric result and dust-exposure (Lemle et al., 1994) . A study done in Japan by Baba et al on 121 dust workers whose chest x-rays were found to be "class 1" of the diagnostic criteria for pneumoconiosis indicated that all the pulmonary function variables showed no correlation with smoking and total years of dust exposure, rather aging was the most dominant factor for pulmonary dysfunction (Baba et al., 1983) . Assessment of some parameters indicative of renal function in the study population showed that 60 persons (15.3%) had a trace of protein in the urine, while 12 workers (3.1%) have haematuria (blood in the urine). This gave a total of 18.4% with evidence of renal pathology. Impairment of renal function due to prolonged exposure to dust was reported by Lapiti et al many years ago (Rapiti et al., 1999) .
V. Conclusions
The FEVI of quarry workers decreased with years of exposure, suggestive of a gradual loss of lung function as years of exposure to respirable dust increased. The findings in this study showed that there were evidences of decreased lung function and renal pathology and perhaps other diseases among quarry workers. However, it was not possible to confirm incidence of silicosis because of the small number of workers with 10 or more years of exposure to silica dust in the study. Nevertheless, small airways obstruction might still be present among silica-exposed workers in the absence of radiological evidence of silicosis (Chia et al., 1992) .
VI. Recommendations
We therefore recommend that appropriate mitigating measures be adopted to minimize the inherent occupational hazards associated with quarry workers. Such measures as the use of water hose to sprinkle water at the dusty area will minimize the volume of dust and particulate matter present in the ambient air of the quarry site. The use protective devices such as respirators, coverall, crash helmets, industrial hand gloves, will limit respiratory and dermal dust contamination of workers. Routine medical examination of the workers should be enforced on the employers of the quarry workers. Appropriate regulatory agencies such as Ebonyi State and Federal Ministries of environment, State and National Assemblies and necessary Trade Unions are advised to formulate stricter policies that will ensure firm observance of environmental laws. 
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